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Synopsis:

Studies were made on the effecis of adding Ti and B on Timken 16-25-6 alloy, heat-resisting
steel for gas turbine materials. In this report, the influence of the addition of Ti and B to
16-25-6 alloy on the phecipitation phenomena were examined.

There were four grades of samples of chemical compositions (See Table 1). Based on 16-
25-6 alloys, two of them included Ti, one of them included B, and another alloy contained
both Ti and B.

Samples were melted in high-frequency electric furnace, cast into moulds, and forged to
bars. Solution-treatment was operated at 1150°C or 1200°C for 1 hour.

Specimens after solution-treatment were aged at four degrees of temperature, 700°C, 750°
C, 800°C, and 850°C, from ! hour to 500 hours. Aged specimens were tested for hardness,
and observed through microscope. Microstructure was prepared by (HCl, HNO;, glycerine)
‘etching solution and other selective- etchmg reagent.

With the sample £ D1 (0°7% Ti) and & D2 (1°8 Ti), precipitation-hardening speed increased
with rise of the aging temperature from 750°C to 850°C, but softening began at 850°C after
about 75 hours aging. Maximum hardness appeared at 750°C aging. In aging process, preci-
pitated particles, which appeared in the case of standard commereial 16-25-6 alloy s aging,
and TiC would also be precipitated. ‘

With the sample & D3 (070852, B), precipitation-hardening velocity was lower than the
sample 2 D1 and £ D2, and it yet continued to harden after 500 hours even at 850°C. Fe;B was
found and other precipitated particles, which were snmlar to particles of commere1a] 16-25-6
aljoy, were also found.

In sample the § D4 (0*192, Ti and 0°03% B), precipitation process ranked between § D1 or
¢ D2 and § D3. Variaties of mxcrostructure durmg aging were found as combinations of ED!

or D2 group and §D3 group.
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Table 1.
c Chemical composition %
SampleNo. ! : - A . I ,
c - si | Mn t Ni Cr ] Mo ] Ti B | Al ‘ Fe
4Dl 0°04  0°279 1°33  23°42 17°14  7°29  0°68 — Tr  Balance
g D2 006 0°812 131 2420 17°00  7°15 . 1°86 _ Tr y
2 D3 0°06 0°477 1729 2340 17°14  7°23 — 0°085 | Tr ”
# D4 0°09 0467 ¢ 1717 1 26772 1649 6°86 ' 0°19 | 0°032| Tr 7
WCRTTEL TaHA- 5D, D2 12 Ti OA %ML
726 M, D3 12BD&, §D4 iz Ti, B 2HMLIS @ 2ol
DThAH. Ejt*‘l"i, ?ﬁiﬁh&%ﬁﬁﬁati 2T 3kg HHsE% 20t % '-%’”’9’{’ ;;;Z’?"”" 20 ‘}.;‘ Solution creatment
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LT, EBHARAELI. Ti®agAall $D1, D2 3
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53 #D3 TR, BiNmDADIRE & 5 129DIZ,
Fe-Ti-B Offiff %}, Fe-B #441Ck 5 Bifime
fiorz. ‘
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B L 21T, 0BG D T § H— S ELHET
LA T &l oTzhs, D2 T T, 1150°Cx1h T

O DWW TRkl 5. MEEhiER 700°C, 750°C, THEYITHIL T B & INBAEA DIERIT & 2T 3 5 iTlk{L
800°C, 850°C M4 fli& L, WWIhb&athl, 4y il —J, 1200°C Tid § D2 T & @R THK
HIC DN TR DR OMED Bt e A T, Fraoriy  EA5ET Y 1200°CXTh TREEL BN A 515
T CHEEINEAL Th SIS E U TilllE gt U7z, 8] C eIz, Lzhi>T Fig. | OFERL Y, EET
G 4 VP — A CH R, B  UET 2 S EOME O K LI OB E 2 15— Hi A 5

ML Mk 16-25-6 H4OMTIC THMLIZO
ERIU (HCL, HNOs, 7Y+ Y V) B i CEBRIL 25
fl, DEREL T (NaOH, KMnO,) D, # .k
W, NaOp phig & > TEIRE % 1T 2 TH LT
EyiBhnz . .

IIT. £ B # B8

L. Ep i _
16-25-6 454 OHER 5O i Ti3 1150°C X1h

fzicid, 8 D1, . D3, $D4 TR 1,150°Cx1h,
D2 2Tt 1,200°C X 1h OIBEHRICIMEIRE % R H T
AL ESLT:.
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(1) #E D1 T

Fig. 2 12308 & D1 % 700°C, 750°C, 750°C 5k
g¥ 850°C DAIRBEEITFESh U 1R O EhEE (LR TH 3.
TAUCE A EBhiREME {1253 FE(LEEIR K & /4
. 4T 700°C G hsix 3B L, 750°C, 800°C Tl

DOEECLRIIC TS ThH27higd Ti, B 16-25-6 & K3Ei2/2W . 700°C DEEZHTIZ, 200h Liighs 5 B
SICHU TR S BB D 222 UL, ZOEEK AL, 300h T, Hy 250 BEE K D T—mkET

S HHEZELT, TIN 2B TRFICIEKRIL A2 E
CITNEHEHIFALNT, T TIN 3408 L
THIBHEIL LR OBDT, AERBRICE

57 BiafAR b
Md, 11S0°CX1hB2fEHEL L, 4T 1200°CXLh®d

%. 750°CREZhTIRMEEIIMNR L U, 30~50hiZT&

CHULT, Hy 250 iz b, SOhEE,5%KE L 500h 1T

EAMZLIRA HED SN, 800°C THRZEILIZE O
12 750°C FEEhDE{baifR & AEDIZL. 850°C EEho

LUEOBERMA TFIESRS 17 O CTH . Fig. 112 L OTI, S SHOEOELEELE § BLps, 30
1150°C, 1200°C @iﬁﬁ:ftﬂuﬁ TRl AEEOIT & m hEE T 750°C, 800°C DEAhEEE L H4 b, 75h &
i E OMGRERULITEDTHS. Zhitk 5L, TR b Ifiid Hy 230 H-fga_g—u!ﬁwg 20
£D1, 8D3, D4 ITDOLTE L10°CX1h THEHiz AL OBEIIZ A DT 5.
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DT ELEB. Tab b, 700°C OFEEX) T 30h Eh>

PSR PERZIT S DRSS & NRNIT S
Roenb. (FE!L)

C DIRFEIX 200hEFE TALIZZEL & 72 <’m<6\
300h &35 E, WHHORIZARUEE § ST
LT&aLALTYV 5. S00hIEh (FH2) T, 300h
DEFOMI & K. 750°C ORERN T 700°C DI
& DI HGEEEDSR T L h ORFRNT L 2 Tk FRITHT s
FTONRNIC S ELZHBLITIEDIED 515, Z D%,
Prid s b B HEA 18 h T U THINITAR Y B O U
PHFDN, & 5 ICHED LEE & T a8 T
5. HEETIZ 50h LA#% 500h & T3 YLELUIEZT
LT3, Sk -T2 50h L% SRR & & & i
WA OB IZHENL T 5. 800°C DS Tid kD ZE
1big, 750°C Oé &S HE LR BOMED S
750°C (O] & LLHEELL T 5 5,
(2% OEDEED B, 800°C EEhD 5 MBI DK T d
%. 850°CHFEh TR LA — B 125 & & S ITHT D
FAHONAEESKELD 4hITU TRA—FEOH 552
B 51, Hx0, BEICAI Y IREESHE L Cu 5. BEETIR75h
DIBFEEHIE 2R U T B3, TRHCB TS 50h X-H200
h (FE3) OFHWHTMIOBELELSHBHE
BLEMEEINS.

(2) #¥ 4Dz &C“DL‘T

HUEh # D2 T3, BD1 5 Ti 0°68% T 5OIA
L Ti1°8% &b/ L TV 305, M{LIREEX
1 SIEFITHELLL T AL 700°C OIERh T3 b ;t”\
Wb, 500h FTHE{LREET 500hicT, D1 &2
SEUBEEIEEL T 5. (Fig. 3)

750°C JE3hTid, Btz R {2 30h5 S0h
K THEERAR LR LEEEHECEET 3.
1§ D1 1) A E{LEhER & JEE LU T 3. 800
OC TEOERNTIZE{LIZ 750°C L ) SRR s iainiEE

A T

A OB I

Photo. 1. Microstructure of sample g D1
after aged at 700°C for 30h. X400

Photo. 2. Microstructure of sample g D1-
after aged at 700°C for 500h. X400

Photo. 3.
after aged at 850°C for 200h.

Microstructure of sample § D

X 400

WHEET ADIL, Vidh S0h EHTHS. COELER
4 4D1 OFREIBEAE BLTAB. 850°C Hi%h
TIRE LRI T—Bil D3, EafniE I 700°C
750°C, 800°C DEZEhOHE L H & .

4 D2 wpphics ) A SR 5L, DI
B FRZER 2T LT 2O T s TdRE
DO E LEET B.

(3) R D3 T
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16-25-6 &4 ICB2imL 723t D3 Tt Ti 2hn
~7z $§ D1, § D2 LEML@ARS»EDROSTHAE. §
75 LA LEEDE D (Fig. 4). bR
700°C, 750°C, 800°C, 850°C & H.2ww->NT, (kb
SEEEIRK & 78 BH5, B DIREOMEICE 5 ELEEDE
B3R # D1, §D2 ORI EFL Li37aL. 700°C,
750°C Ti3 500h F THE{bL%HlI T 5. 800°C, 850

°C T 200h FTEHILT2HS, WO FEILDI LI

B vy, BLOSRKEE L T s,

Microstructure of sample § D3
after aged at 750°C for 18h. x400

 LOBEOBRMEMES D1, ED2 OFPE LI,
s BEOIERRRZTRT. RRNTX DMk T i HsER
HHNBREENTIZ N EELIZ20DS, D1, D2 iz
HUTREHERZI L TAMEHO R0, R, %
TR &R NIKIE SRFICT DN S D, FMANOH ML

T

R Dt dvind
by usual reage

R ¥ TR

20: method

it SIS R TS b :
C. -Selective etched by alkaline permanganate method
Photo. 5. Microstructure of sample Z D3

after aged at 750°C for 500h. X400

16-25-6 DEERY D b OOHEEP Ti %24 7: & Dt

ED2 OREOMMEIHHRIED S DEIRRD, PPk

SOFROIT WA EED 5N 5. Akl § D3 iz Bas
MALSNTNBDOTHIEIE LT, 16-25-6 54 L L
TOEEROH HEOMIC FesB, BC & nEx b5
B, LU DWW TR ICEHRBE S DIE T~ 5.

700°C X 30 h (DEEENCHF U Fr FICBb N B4, HPT
WCEBRD S OERD 6N BH5, 3 5 I 2 B
UTC4 700°Cx200h ZTREHHT O EHEmMT 3
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D& T d BH3, 700°C X 300h 1T Z DT, ¥ K DEEHLEETIX
% /481, 700°C X 500h TIZ R LM LHT ALY
BN B0, CORMIZEED EREEHKE {2BF
SIS LTI 5. 750°C OEFITE, BRI LT
(ZE4) 700°Cx30h BEEhORFRECHEE 2T 525,
70 50h U TIMEECZE(LE L, 75h @Y T

EﬁmWQ%MﬁEﬁB,WMI?@(gﬁSA)wm,
PeRFIIDIH 2 b % L TS L TL B, 800°C T

1h 12T 700°C x30h EOHMRE £ UK RO
SOh A 5 b, 200h L TH HMBSE—TH
T BIRFERTRTHS, ZOBHEEIL 750°C DA X h B>
7s bk Xy, 850°C EEBhTI, HHMOREInG 18hER
;bﬁcmsmlmfﬁgai%ﬁf.gmgzmh
L2 B LI E—IT S L TEDbN T A, BE
BE LRI »

LT B R A oV OR BRI TS 0,
16-25-6 BHERRSFD b DX MEk, Cchic Ti A TH
SExrhimii 3tz D1, D2 X h A & S
ez nht, : :

(4) ik g D4 DT

Fig. 5 13 Ti, B 2AFmMULIz5 16-25-6 G&0
BRI T . Chick B & 700°C ORFEI T,

 30hE X A &I LA R U LB EE RIS & & & il

WE<E%5WhifEmﬁﬁﬁ?a

Hardress  He

20 s "
e 7 / 4 A oo 200 30 500
Aging time h

Fig. 5.

nmcwﬁ%fu(ﬁﬁe)mch%g;@@mﬁ
LS, 100 h ST KBRS DL HES Z D%, 500h
2T (FE7) ORBROME TIIBEICEEN PR LS
ST, 800°C DEsENIE 750°C M4 &3 YR UE
%54 . 850°C TRXMMOE{LIZRL D, BEIEA
TS EE{LEREII R &2 6 /5T, 50h T 800°C DFf
T O 75h TR 750°C EHAMEE L DKL 8D
T 3. L L, &fFic 700°C, 750°C Tix, 750h ks
J ¢ 500h, 800°C, 850°C T 200h F TOFREDRE
BCREKEOk LIZERD 5 niahor.

£ D43 Ti, B 2&ted3%d Ti 813 §D1, #D2

I 0E{BY D3 X bk, Zo#Ek » 770
£ D1, D2 & $D3 tOFMMSHEMEZRLTNS.
e AT O 3§ D3 SHEEIL e R TS
FHOETE & T D1, 4D2 iKAHb Nzl &<,
P BRI BT S b N T K B . 700°C B§EhTH330h
$Ti3, # D3 OMBREB T35, 100h L72% &L
MNICEO B DN, Z0%, Mo LXEED
ExREIC AT, MR & & b, 300k >
& 500h iTh1} TIEH 1L H BISHT D) & /2D T—mEiTs
#iL, 4D1, $ D2 KA HNIKARICIE C 725 750°C
BTk 75h G S BEID MIHid b il S00hER
OWEETH S E (FE7T) 700°C DA X DBEFEIK
31 800°C BiAh Gk MADIF AhsE LD T < B (DI30
~SONEET & 575, D 5HIRELTRELEDT
B, 850°C THZ, 180G b EEICH IO I DIKER
LB, ZOWHEEEI S, 200h islT BHTHS
oL 750°C x500h O ZN & bé@ﬁ&f&'ﬁ‘((ﬂ%-

3. BHREeIC X B B ESHE

(1) 4 Tile-25-6 &4 (¥ $D1, $D2) D

Photo. 6. Microstructure of sample- ﬂ"D 4

after aged at 750°C for 18h X400

for

>
Photo. 7.
after aged at 750°C for S500h.

Fn 3 #5% ZEA
Microstructure of sample ¥ D4
X 400
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A OB SHE ORIIZ, BEOIDE LT (HCI
HNOs, 7' ) 2 Y ») OBERRE R M- U 1obs, 57 ik
LT3 5RMRit2MA 5 BH%2 T (NaOH, KMnO,)
KZE, F BRI, B3 (HCL, CuSO,) RE2MAL
TIRIRBA 2B 7. 2%, TiC OREOHMT
(HCl, CuSO,) s#ick 2HIEANT TiC 2ikimrz
TODICRAR S f B2 FER T 5 ¢ & iTsk L 7205 (NaOH
KMnO,) #3553 O EAZRIT & 2 IREANT 1247 1
WezREd 5 C ek, (NaOH, KMnO,) X5k
(Alkaline-Permanganate) |3 Beattie X ¢~ Ver
Snyder® 1tk 3 & Fe &5t Ni 344 Tid MeC
BPREEETBH, MC, MiC LX< hY » # 21T

CRREENNETHINT A, & Ti 16-25-6 (DI

MR AAIETEMUIER, 2 ) OWHSHEEL
TEibN s, (HCl, HNOs, ') &) ) #Eiic k.3
HMEOG AL b 2OV, sk, FEREIE

5HEORIRTIRIZEA L (NaOH, KMnO,) I

IBDDEBEALR—OHEDA SR, 725K L3R

OSBEAI T TELZMB LW ARETH DI,
TS OBREMHIIC L D THWEITHEE SN

Pt (HCl, HNOs, 7'Vt Y o) £EHEEMcE >7T

SREERDSELON B L O RSN IGEN THT I 2SR 3

nrz. HlA (HCL, HNOs, &Y+ ) BT,
750°C X 1h FeBic TRERH SLITiT Biasid » e N b o
XL, RESITIX OB TIESRIZITZNB@ZD 6N
$,4h LD TAD TR T I ED 6N, HAK
T34 LEbNA L 5155, 850°Cx4h T (HCI,
HNOs, 7t ) B TIREEITS mOW R Ric
RO HENTVAED, HEIREITIZME O LY R
BOLNBEDATHY, 35 ITHHRELEL LRiIED

AT DO BIXEIT 20541 (HCLHNO,, 79 2 Y

V) BRI X DOTRINICABHBMIZE L BT,
(2) & B 16-25-6 44 (K £§D3) DL
B2iFME 5 § D3 OHENRBITR~IH, Zhic

L 3& FeB OWHEMSEFAET A EMEIN:. che

TEER SN NaxOp 30T & BIBIRIESEI 21T D7 458,

Fe:B it LT3 &R0z Teb b, high

I ORFEI DR 2> 5 NagO» K1 25T FeoB psiaH 3

N, RRRERIORINE & 3 iC% BT 3 A5 (FE 5 B)

ZOEHIEEIZ (HCIl, HNO,;, 7'V %Y ) @ikt

BRESNITEMOHE S W E»ESV. 22 h e

Z&Xxbh Fe:B OIFHHFED iz 5—J5 FeB Lisk

O HiihS FeeB O HI & D S4B & Y 4 B
OLNTL 2 EBDND. SIS DERT U BT S
Tid, NaxO: jRiT L % Fe:B ORHICEEL T Fe:B 5

HNOHL L TR ErubioBdoNn 5. Big—

BT —ER BRI, —h FeoB 1278 305, + —~25 74 b
BT 150°C fICE TN 3 & Fe.B O—idin
TRAATRERERPIABOT, TNMEBITHHLTL 3
LFEALNS.

IRITAFE % Alkaline-Permanganate HEE, HD
WA BRI ST O TIRINESANT 3 &, BeAbsh g
DHEATIELTIZ, HMEOB LM A LNE (51
5C) Bihmz X 297412, Fe.B dfthic BC MTfE
bEALNBH, FeB, B C 13 LiROEIRHIETH(E
3nans Fe:B, BC LUDITH 4 FTbN T3 & 48
Bans. .

(3) & Ti, B 16-25-6 &4 (U #D4) Oois

Ti, B ME%25AT 8D 4 iwoT 4 NaO, ik
& D Fe:B Mt 24172, FeoB 1347 H D #IMADERFE 5>
LRUTEED 5N, ORI (NaOH, KMnO,) 3,
& DR LR TSR U 726 B TR, RRAS A
R U THRIEIN D, BNTRIGE SN 351y
I EAZRBD 6. U UNT I b EFFL,
Flz e, 700°C, 750°C Tl 500h, 800°C, 850°C =
(& 200h DA EREZH L, (HCL, HNOs, #'Y € Y o) i&ik
T, Fe:B LISMTHIA b BAIICH A U 1 b7 i 5522
SNBMHHITIFS EAIE s EOBIRAIIT T I o b O
HEN M ED SN B, X IR DR ST 4
BDaDMlKkd, §D1, $D2& D3 FR&ENLI
CEsHEPEL T 5.

Iv. % =

(1) & Ti16-25-6 &4

Ti 289 0°7% S LU° 1°8% fni iz 16-25-6 &4
TISIB R & B IBEICEANT 3 © 810 & TR
BIL 213585, CARWHELIZEZ 30eEbN 3.
WEhRE(LIZ, BERHIREEDS 700°C, 750°C, 800°C, 850°C
EEL B BWONTHEILEERA &L 305, SomiEE
700°C, 750°C DLEDEH DR, 850°C T2 200 h 3
WEBECHIL B S, AT BEMESHAGE L 5 &4 ,
HIOBENIHES L B ENE. UL LT, HEks
D 16-25-6 BHEILALNIICE XDELER B LD
ZEEEOBEFIZE Ti 16-25-6 TIZ B H 5 NizHD
72. 0°7% Ti 1°89% Ti QDK ¥ OROELhHL
BEERICIY, B EAEEMNALNIEHDIL. KNI N 72
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Ti @ THMEON LA LT TiN 20K 325, #
EETORRKICE S &, REEPCERCEEN TS
NiZ,0°04%i2 ¥ Th B 5 TiN & LTI 0°14%D
Ti pSbi 5171 TR ALt A & Bbn s,
UIthioT, RELEORSH6EAT TiC BT %
CERBHITCELLN ED 1, §D2OMIELOED
12 E A EROOIZFELOFEFRRO—245 TiC 1tk 3
BOEEDNS. Tb b, HLC, Nysgiic Tigw
12, BOE{Lds Fe.Ti 1Tk 3 D THIUL, Fe 3
D Fe |3 50% 3 »Bh5 FerTi 20K 372
Fe @Fmyicfiadhn, L2 T 4D 1(0°7% Ti)
$§D2(1°8% Ti) OEMHTL BXETH B,
Gz §D 1, $ D2 ORI LEIRITIZS B X%
B 6 AUTHT AR S L T 3. '

— (NaOH KMnO,) pré“abémcifru-ft‘ﬁ“&cot
HEEREAORRERA B L, CNLOREILL DT TIC
FeTi BB LIV >3 57, BEININHY
;b%ﬁlé&t#ﬁméné@ag "TiC, Fe,Ti u%mﬁm%m
DROHETHR L ERFETEOT, T A A HE 1 6-25-
6 S& T THRON B EYIE 13%256A$K%ﬁ
DRI D TR & Bbh 5. — RS LI
R HET AL, BEINTAREDLBD S
A, THUIKREE 16-25-6 54 OERIREENT 1A bhig
POl b OTHB. £10 (HCL HNO;, 279 %Y )
TAWRCHEEER L THb NI B 07 O ARSI TIE &
CLIARHEIMOR L D $5 <, BRI b BHICED
NB. INEOREPLHEL T 16-25-6 541 Ti 20
Z 2B TiC, Fe.Ti Lt s { i34E
i&owa&ééémﬁbﬂaﬁ&%m,%mu%&@

ZAbpsInA b NI FIREOHT A (Bl i MeC)ps TiCiT

BNTHEONTHESIO TS0 L8R INS . (NiTi
onTIE () Mk Xog (X 1) RCTHEDT
ey o ,

(2) £ B 16256A$

4 B 16-25-6 £& T \WTIE, KpghtE(bix, Ti 20
AT ETIRSVMHIKIEL 2L, 750°C X 500h
TTHIERRT S ZOBEMBHE» S AT, %7
WL TH 5 VA S, NaOp HILLDTEB 16-25-
6 H4&OITHICIEL T Fe:B OEFENHR H 30 7225,
Fe:B 3B LITIIAR DMRHTLNEEZE L LN TVED
T, HUBRIIC L D> THIEHLICEE S b & T,
ZHIBCTHAH L b BbNA. '

" Fe;B, BC Zo#Hid (NaOH, KMnO,)
BION ERETEEEININEEALLNBY,

4D3

e

R

(M)
f&)

ZINSORETHALIERICE B &, THUAEOHT
BB TR D OB ICD 122, MNTIRTE
AT E AR 5T, ﬁﬁﬁ)'@ﬁbmé L THe
HINTWAEBRETH B, LU S 5ITREISEA

H 713 700°C, 750°C x500h, 800°C, 850°Cx200h
Tm%ﬂmé#@%ﬂtﬁ&%ﬂﬁm%ﬂ&mf £D3
KT%E%%%%K&DF%B B C LSO Hs D

bbb EMNELLN, X 8D 1, §D20DKN
DT & XTHE 16-25-6 A4 THTHT AT HD, Z1UT
% /OIS A & NIz [FE DT ) (fﬁJ/u;t MsC)

C TaBEREINS.

(3) 4 Ti,B 16-25-6 &4
2D 410350 C 5 NayOs itk b FeB s an
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INFLUENCE OF SILICON, NICKEL, CARBON AND CHROMIUM
' ON THE PROPERTIES OF VALVE STEEL CONTAINING 202 CHROMIUM

Naomichi Yamanaka, Dr, Eng and Kunto Kusaka

Synopsis:

The silchrome steel has been widely used for exhaust valves in the motor industry. How-
ever,recent experience has indicated that the products of combustion of leaded petrols
exerted a rather marked corrosive attack on it, and that when such petrol was used, a steel

containing higher chromium should be used.

To investigate the influence of Si;, Ni, C and Cr on the properties of 209 Cr valve steel,
the authors measured the critical point, the sectional diagram, the quenched and tempered
hardness, the TTT-diagram, the retained austenite, the dimensional changes, and the mecha-

nical properties at elevated temperatures.
The results obtained were as follows:

(1) The critical point was raised with the silicon and the chromium content, and lowered

with the Ni addition.

(2) The hardenability increased with the nickel addition, and decieased with the Si con-

tent.
duration.

The TTT-diagram showed only the pearlitic transformation within any reasonable

(3) The quantity of the retained austenite after air-hardening from 1050°C increased with

the nickel and the carbon content.

The silicon content up to 2°89 increased the amount of
the retained austenite, then more silicon addition decreased this amount.

This retained

austenite decomposed at 550°C and resulted in the volume expansion.
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